Abstract Research Article
The reluctant acceptance of a certain degree of extubation failure in the ICU as not only inevitable but also desirable (as reflecting the optimal risk balance between the respective morbidities of extubation failure and prolonged ventilation) is a less than ideal state of affairs and is indicative of the inability of the intensivist to perfectly predict extubation failure. While numerous studies have been performed in an attempt to determine an optimal rate of reintubation failure rate and characterize risk factors associated with extubation failure, none of the predictive tests or models have proven ideal to date. Part of the reason for this likely lies with the inability of one or a few test parameters to sufficiently describe the patient's overall physiological state with regard to the need for continued airway and ventilatory support. Added to this are the challenges from the great heterogeneity of the critically ill population, with each individual center studied differing profoundly in patient profile, case mix, illness severity and extubation criteria, and practices, affecting the applicability of predictive strategies based on one subgroup of critically ill patients onto another.
Against this backdrop, our current study was performed with the aim of benchmarking our extubation failure rate against international norms, identifying associations with extubation failure in our own local ICU population, and contributing to the growing body of data available in the literature regarding this topic. [1] 
MaterIalS and MethodS
Our ICU serves as a general adult (>16 years old) surgical ICU while also functioning as an overflow unit for medical patients requiring intensive care when the medical ICU is at full occupancy. Coronary care, cardiac, thoracic, and vascular surgical patients are not included in our patient population.
Over the period of July 2012-August 2013, data were collected at the time of extubation by intensive care residents and respiratory therapists and supplemented by chart review for a total of 508 extubations. Patients who underwent a tracheostomy before any extubation attempts, who died before extubation, or who underwent a terminal extubation (with no plans for reintubation should this prove necessary) were not included in the data collection and analysis, as were patients who were reintubated electively (e.g., for procedures or surgery) within the 72 h period following extubation.
All patients were ventilated on the Puritan Bennett™ 840 Ventilator (Covidien, Dublin, Republic of Ireland). Sedation was titrated according to the Richmond Agitation-Sedation Scale aiming for a score of 0 (alert) to − 2 (light sedation), with continuous active reviews by staff for suitability to wean or cease sedation as indicated and tolerated. Apart from the patients who inadvertently self-extubated (whose extubations were also included in the data collection), all patients underwent spontaneous breathing trials (SBTs) on low levels of pressure support ventilation (pressure support levels ranging from +5 to +10 cm H 2 O, Positive end-expiratory pressure [PEEP] 4-5 cm H 2 O) before extubation, and following a successful trial were extubated.
Data collected included demographic factors (age, gender, ethnicity, weight, and admitting discipline), circumstances surrounding the intubation (location of intubation, whether any surgery had been performed on the patient preceding ICU admission, and indication for intubation), and extubation (duration of prior mechanical ventilation, planned vs. unplanned extubation, and use of noninvasive ventilation [NIV] after extubation). Data were also collected regarding selected premorbid conditions before intubation (ischemic heart disease, congestive cardiac failure, smoking status, asthma, and chronic obstructive pulmonary disease), as well as information on active conditions managed during the ICU stay (e.g., shock, myocardial infarction or troponin rise, sepsis, and pneumonia) and selected laboratory parameters at the time of extubation (hemoglobin and albumin).
The primary outcome was the result of the extubation (pass vs. fail). Failed extubation was defined as unplanned reintubation within 72 h of extubation. In the patients requiring reintubation, the reason for reintubation was recorded.
Data analysis was performed on SPSS software version 22 (IBM SPSS Statistics for Windows, Version 22.0. IBM Corp, Armonk, NY. Released 2013). All statistical tests were performed using two-sided tests. Univariate analysis of categorical variables was performed using Fisher's exact test and Pearson's Chi-squared test, while continuous variables were analyzed using Mann-Whitney U-test (for nonparametric data), with the level of statistical significance set at P < 0.05. Subsequently, all univariate variables with a P < 0.1 were evaluated using a bivariate correlation matrix for multicollinearity and then included in multivariable logistic regression analysis, with those having a P < 0.05 retained as factors associated with reintubation risk in our study. Local Ethics Board approval was obtained before commencement of the study.
reSultS
Five hundred and eight extubations were included under our study criteria, 13 of which were unplanned. The median age of the patients undergoing extubation was 60.0 (interquartile range [IQR] 47.0, 71.0) years old, and the median weight was 64.5 (IQR 55.0, 70.0) kg. The population was 62.0% male (n = 315) and had the following ethnic distribution: 65.6% (n = 333) Chinese, 14.6% (n = 74) Malay, 8.3% (n = 42) Indian, and 11.6% (n = 59) others. The majority of the patients were admitted under the general surgery and trauma service (41.9%, n = 213) and neurosurgical service (32.3%, n = 164) [ Table 1 -Full breakdown by service]. The most common indications for initial intubation (or for not extubating patients at the end of the case in situations where the patient is intubated in the operating room for surgery and transferred to the unit intubated) were neurological reasons (37.0%, n = 188), hemodynamic reasons (23.4%, n = 119), and respiratory reasons (19.3%, n = 98).
After extubation, 470 patients (92.5%) remained successfully extubated, whereas 38 patients (7.5%) required nonelective reintubation within 72 h.
Univariate analysis comparing the failed and successful extubation groups [Table 1 ] showed that the following factors were found to be associated with a higher risk of reintubation (P < 0.05): A longer duration of mechanical ventilation before extubation (3.0 vs. 1.0 days), initial intubation for respiratory reasons, initial intubation outside of the operating room setting, unplanned extubation, and the use of NIV after extubation. The patients who failed extubation were also more likely to have had shock/inotrope/vasopressor use, pneumonia, and/or sepsis during their ICU stay. Those who failed extubation also had lower hemoglobin levels (9.2 vs. 10.2 g/dl) at the time of extubation. There were no statistically significant differences in demographic factors such as age, gender, or weight in the two groups. There was also no difference between both groups in the prevalence of the premorbid conditions studied.
After multivariable logistic regression analysis, unplanned extubations, the use of NIV, and sepsis during the intensive care admission remained as factors which were associated with increased risk of failed extubation [ Table 2 ].
dIScuSSIon
The high costs of extubation failure (independently increased length of stay, morbidity and mortality among other things) have been well described, as has the price of delayed extubation in terms of increased ventilator-associated complications, along with the more insidious problems associated with prolonged recumbency and immobility. [2, 3] Nonetheless, the search for accurate predictors of extubation success and failure has remained one of the more difficult areas in critical care medicine over the past few decades.
In a recent review article, Kulkarni and Agarwal suggested the categorization of predictors of extubation failure into demographic factors, parameters assessing respiratory mechanics, airway patency and protection, and cardiovascular reserve. [4] With regard to respiratory mechanics, many of the predictive tests used in isolation have demonstrated at best a moderate ability to accurately distinguish extubation failures from successes, owing to the limited information provided by assessing only a small aspect of the patient's overall physiological status at a single time point. For instance, one of the more extensively studied tests, the rapid shallow breathing index (taken as the respiratory rate/min divided by the tidal volume in L) when used as a predictor of success of weaning from mechanical ventilation was found in one meta-analysis to show sensitivities ranging from 65% to 96% and specificities ranging from 0% to 73% at a cutoff of 100-105 breaths/min/L, an accuracy regarded by the authors as modest. [5] Cognizant of the problems with the use of single indices at single time points, investigators have made attempts to improve on predictive power by trending multiple predictors over time; an approach that has yielded improved results but has yet to be validated prospectively. [6] While assessment of respiratory mechanics was found to correlate better with the outcomes of an SBT, they have fared less well with regard to predicting overall extubation failure, suggesting that a more holistic assessment of both respiratory and nonrespiratory factors integrated with analysis of clinical risk factors might better predict overall outcomes. [4, 7] To this end, Mokhlesi et al. were able to demonstrate the predictive value of endotracheal secretions, Glasgow coma scale, and pre-extubation hypercapnia in predicting extubation failure after a successful SBT, achieving an area under the curve of the receiver operator characteristic curve of 0.87. [8] A more recent attempt along those lines was a study by Miu et al., who were able to demonstrate 70% accuracy in predicting extubation failure using the combination of Simplified Acute Physiology Score II, suctioning frequency, number of prior SBTs, diastolic blood pressure, minute ventilation during SBT, and oxygen saturation as predictive factors. [9] Where generation of predictive models is concerned, a significant error rate still remains despite these efforts, and a key issues the retrospective nature of these and other studies and the general absence of prospective validation in both similar and materially different patient populations, precluding wider application in other critical care settings. The heterogeneous nature of the critical care population also adds a significant layer of difficulty to these efforts, with potentially differing relative importances of various factors in different patient subgroups, contributing to inconsistent results across clinical studies. For instance, authors of a systematic review of predictors of extubation failure in neurocritical care patients concluded that traditional weaning parameters including the rapid shallow breathing index and minute ventilation performed poorly in this specific patient subgroup. [10] With these limitations in mind, our study was a prospective observational one of a single multidisciplinary (but predominantly general surgical and neurosurgical) ICU of adult patients which focused on delineating clinical and demographic associations with extubation failure in our own local ICU population to enable benchmarking and comparison with other published literature. The primary outcome measure was the overall reintubation rate, which was found to be 7.5% within 72 h. This figure lay within the 5%-10% range somewhat arbitrarily and reluctantly proposed by Krinsley et al. as representing an optimal balance between the risks of unnecessarily prolonged intubation and extubation failure. [7] In the same article, a series of both interventional trials and observational cohort studies were reviewed and revealed a wide range of extubation failure rates from <5% to >30%, with a median of 14%, regarded by the authors as unacceptably high. We believe that our comparatively lower rate of reintubation reflected the preponderance of postoperative patients (a significant proportion of whom would have had elective surgery) included in our analysis, a hypothesis supported by the finding of a relatively short duration of mechanical ventilation of patients in our study compared to the other studies. Indeed, analysis of the subgroup of patients who underwent intubation outside of the operating room (likely for more emergent indications) revealed a reintubation rate of 11.1% which was closer to the median figure quoted in Krinsley's report. Along similar lines, the extubation failure rate was the highest among the medical overflow patients at 16.7% and patients with pneumonia compared to the other groups (although not eventually statistically significant), as well as in patients with sepsis, consistent with prior studies that showed higher rates of failed extubation among medical patients compared to surgical ones, and higher failure rates in patients with pneumonia. [11] [12] [13] [14] [15] [16] By way of comparison, a database review by Lee et al. of reintubations in the operating room and recovery unit following anesthetic cases in a noncritical care population demonstrated a reintubation rate of just 0.17% (191 reintubations in 107,317 general anesthetics). [17] While the figure obtained in this study might be less useful for comparison in a critical care context, it would not be unreasonable to consider that patients undergoing extubations as a whole lie on a continuous spectrum from low-risk elective surgical patient to high-risk emergency patient, with different risk/benefit profiles attached to each decision to extubate. In this regard, the development of a "sliding scale" of optimal reintubation rates as calibrated according to case mix and patient population of each unit and ideally individualized to the clinical parameters in the individual patient might be favorable over the blanket application of a single target rate across all units and patients, and perhaps an area worthy of further investigation.
Nearly 2.6% of our study patients experienced an unplanned extubation, with a reintubation rate of 23.1% in this group, with unplanned extubation being a statistically significant risk factor for reintubation in our study. This is consistent with findings from other studies which showed high reintubation rates in this group. [18] [19] [20] [21] [22] However, our figures were again found to be much lower than those from another local study (which found an unplanned extubation rate of 8.7% and a subsequent reintubation rate of 58.3% in a medical ICU) and reported rates in other literature of 3%-16% and 37%-76% for each of these variables, respectively, again likely reflecting differences in disease and patient population characteristics between medical and surgical patients. [23] It was interesting to note, however, that while the incidence of unplanned extubations has generally been found to be lower in surgical patients (2%-3.7%) than medical, none of the unplanned extubations in our study occurred in our 42 medical patients. [24] The use of NIV in our study was found to be associated with increased extubation failure, even after adjustment with multivariable analysis. This is in contrast to literature which has shown NIV to improve reintubation rates and mortality, particularly in those with hypercapnic respiratory failure and chronic respiratory disease. [25, 26] Our findings are likely due to the observational nature of our study, with incomplete adjustment for confounders such as severity of illness, and the fact that the patients on NIV in our study represented a subgroup already identified to be at high risk before extubation.
Anemia (defined either as serum hemoglobin levels <10 g/ dl or hematocrit <34% in prior studies) has been found to correlate with reintubation risk, findings that were duplicated in our study, which showed lower hemoglobin levels in the group that failed extubation at approximately similar cutoff points to these studies. [11, 27] The precise role of anemia in extubation failure, whether merely serving as an association or marker of disease severity, or alternatively as a causative factor perhaps through the pathophysiologic mechanism of decreased oxygen delivery reserves has been a subject of some debate, with the distinction being important in advising on the appropriateness of red cell transfusions as a means of reducing extubation failures. Our study showed a 1.0 g/dl difference in median hemoglobin levels between groups which did not remain associated with extubation failure after adjustment with multivariable analysis, which appears to support the former conclusion. Apart from physiological studies and a case series where blood transfusions (from a mean hemoglobin level of 8.7 g/dl to approximately 12 g/dl) were proposed to have aided successful extubation in difficult to wean COPD patients, evidence elsewhere in this area is indirect at best. [28, 29] In the absence of dedicated prospective randomized studies specifically addressing this question, it is notable that the two significant bodies of randomized data regarding the issue of restrictive (7 g/dl) versus liberal (9 g/dl) transfusion thresholds (namely the TRICC and TRISS studies) reported increased rates of pulmonary edema and a trend toward significantly increased rates of acute respiratory distress syndrome in the group with a liberal transfusion threshold in the former study, and no difference in ventilator-free days between liberal and restrictive groups in the latter study, cautioning against overenthusiasm and suggesting the need for careful patient selection when considering this intervention as a mean to improve extubation prospects. [30, 31] In our study, the patients that failed extubation were found to have had a longer preceding duration of mechanical ventilation that those who did not an observation also made in other prior studies. [32, 33] However, none of the premorbid conditions analyzed for, including underlying cardiac disease and chronic obstructive pulmonary disease (conditions found in other studies to add to reintubation risk), appeared to have any bearing on reintubation rates.These findings contrasted with those of Thille et al, Rady and Ryan, and Engoren et al, who demonstrated these premorbid conditions as associated with an reintubation risk. We were also unable to demonstrate any association between reintubation with advanced age or serum albumin levels, factors which have been found correlate with extubation failure in other studies. [11, 34, 35] 
Limitations
The limitations of our study included the relatively small sample size (particularly in the extubation failure group) which would have limited statistical power for some of the clinical factors of lower prevalence. There was also a lack of data on illness severity scores which would have allowed for more precise adjustment of odds ratios and been of help in benchmarking our extubation failure rate against other units. The observational nature of the study also meant that there was no strictly standardized protocol for SBT and extubation; variations in which may possibly have contributed to differences in rates of extubation failure.
concluSIonS
Reintubations occurred in 7.5% of our study patients. Factors associated with extubation failure identified in our study included the presence of sepsis during the ICU stay, unplanned extubation, and use of NIV after extubation, reinforcing the need for increased vigilance in this subgroup of patients after extubation.
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